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FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE,  a  federal'  goviernment  organi¬ 
zation  established  to  service  the  translation 
and  research  needs  of  the  various  governraent 
departments. 
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ON  fNE  'REDUGTldN  OF  THE  D  OF,  STRUCTURES  ' 

;  ^  COMMUNIST  CHIM  '  •; 


,  'iFbilowlng  is  the  franalation^^.o  ' 

■  written  by  Wang  Ta-tsun,  of  the  Construe-: 

t ion  and  Installation  Office,  Departmentar. 

;Office0f^the'Cpnstructio 
; '  i  Stry »  in* T*  u-ian  Kung-ch*  eng  Hstteh-pao  ( Civil  Bn-  • 

:  gineering  J otonal ) ,  Peiping,  No  pp  l-7«]:  •  , 

Mitor’s  note:  This' article  offers  a  number; 
of  opinions  concerning  the  reduction  of  phe  dead 
,  f  i^welght  of'  structure  and  It  is  hoped  that  these  ideas 
will  attract  greater  discussion  and  further  research. 

In  oobStrUctibh  engineering,  great  efforts  .have  been 
put  into  the  reduction  Of  the  dead  weight  of , structure .  This 
is  one  of  the  important  items  in  the  content  of  the  present : 
technical  reform  and  technical  .revolution. movement.  At 
this  year^  s  All- China  Enlarged  Construction  Engiheering  Con¬ 
ference,  sponsored  by  the  Construction  Engineering  Ministry 
and  attended  by  ail  provincial  construction  engineering  -cora- 
missioners  and  municipai  or  hslen  cpnstructioh  engineering 
bureau  Chiefs,  VlcerMlnister  lang  Ch*un-mab  made  definite 
deinands  and  gave  valuable  instructions  concerning  this  ;pro- 
blem.  Accordingly,  tde  problem  of  hpw  to  attain  the  reduce 
tiph  of  t.he-  dead  weight  of'  structure  has  now  becotae  brie  0f=  ■ 
the  most  impOrtahV  factors  that  attracts  the  attention  of 
all  •construction  engineers  .lh  China;  and  it  is  also  the  most 
interesting  problem.  This  article  tries  to  discuss  the  pro- ; 
blem  of  reducing  the  dead  weight  of  structure  from  the  po¬ 
sition  of  a  designer.  .ClWing  to  ,the  limitation  of  his  Imow- 
ledge,  the  wlter  may'  have  entertained  erroneoua  views^  for 
which  he  ashs  his. readers’  indulgence. 


The  reduction  of  dead  weight  of  structure  has  a  very 
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Important  meaning  to  the  national  ebonomy.  As  far  as  oon^ 
struotlon  engineering  is  oonoerned,  It  la  a  very  Important 
'measure  In  the  implementation  of  the  Party's  soolallst  oon- 
'  struotlon  and  general  line#  5he  reasons  Why  this  problem 
has  attracted  sb  much  attehtdon  are: 

After  the  dead  weight  of  structure  has  been  reduced, 
its  first  effect  Is  the  economy  of  a  great;  jwoimt  of 
struotlon  materials^  At  the  same  time.  Owing  to  the  fact 
that  structural  dead  weight  generally  constitutes  a  very 
large  proportion  of 'the  total  load  supported  by  the  construc¬ 
tion  structure,  after  the  dead  weight  has  been  redudedj  the 
size  of  the  cross-section  of  the  .constmotlon  .structure  will 
be  correspondingly  reduced,  thereby  the  amount  of  materials 
used  will  be  also  reduced. 

..There  are '.many  merits  In  the  economy  of : construc¬ 
tion  materials:  (1)  Such  an  economy  will  better  resolve  the 
contradiction  between  China’s  enoxmiOus  task  Of  capital  con¬ 
struction  and  the  inadequate  supply  of  construction  materi¬ 
als.  If  structural  dead  weight  were  reduced  and  less  con¬ 
struction  materials  were  used,  70-80^  materials  would  be 
able  to  complete  a  100^  task.  . 

n  ’.(2)  It  will  reducS  the  amount  of  labor  and  expendi¬ 
ture  used  for  the  pro duel ion,  transportation  and  Installa¬ 
tion  of  the  amount  of  construction  materials  that  has  been 
.  economized.  Espec-lally,  the  amount  of  labor  and  expendi¬ 
ture  ciohsumed  In  the  transportation  Of  construction  materials 
Is  very  enormous.  The  most  .commonly  used  construction  materi¬ 
als,  such  as  bricks,  tiles, ; lime,  sand,  stones,  etc.y  ,are  . 

,,,  very  heavy  and  bulky,  thus,  the  amount  Of  labor  .required.,  for 
..  their  transportation  Is.  ve'ry  large.; 

..  Pbr  example,  take  the  case  pf  the  Cons  true  tlpn.  Min¬ 
istry,  if  the  Structural  dead  xelSht  of  all  the  constrUo- 
tloh  tasks  undertaken  by  this  Ministry  can  be  reduced  by 
.  10^  On  an  annual  Ibasls,  8-l0  million  tons  pf  oonstruction 
materials  will  be  economized.  This  means  an  economy  of 
270,000-330,000  freight  bars  that  would  otherwise  be  re- 
quirpd  ip  tfansport  the  :amount  of  oonstruotlpn  materials 
-  So  reduced,  or  the  economy  of  1,600, 000-2, 000/000  heavy 
...  ‘  5-tph  irubks;  :  in  tunh  this  means  a  great  relief  of  the  pre¬ 
sent  congested  conditions  .in  transportation!; 

r/  T3)-  It  will  reduce  the  manufacturing  costs  of  con- 
ptruotlpti  struotureSe  At  ppes^ntf  .materials  oonstltuto .  60- 
80^  of  the  total  manufacturing  cost  of  .strubtUre a.  'There¬ 
fore,  the  reduction' of  oonstruction  materials  will  be  a 
very  important  factor  In  reducing  the  total  cost  of  a  build¬ 
ing'  structure's, \ 

If  we  regard  the  reduction  of  structural  dead  weight 
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as  merely  a  mea,ns  to  .  Economize  colistrubtidii  materi^tls  atid 
to  lower  the  cost  oti-i  building  t’i'ojept/  thli  ,1s  hot  enough. 

¥e,  must  take  note:.  tM  redupt|^)h  Of  ttfiietUhii- dead  weight 
mekns  the  rediiotidh  5#  vMrh|5th|e,  ihols*-sectiGni  which 
ton  means  greater  stiaOl  Ijr^otive  use  afforded  by  the 
..building.  To  use  .light-weight  i materials  to  reduce  struc¬ 
tural  dead  weight.;, -will  also  raise  structure  ability  to  keep 
heat  and  heighten, its  sound-proof  effect. 

In  addition.^  in  an  earthquake  zone,  special  consider¬ 
ation- must  he  given  to  the  reduction  of  structoal  dead 
.  weight  because,  in  such  a us  the  structure  must  support  a 
very  large  horizontal  earthquake  load.  Owing  to  ' this  very 
large  horizontal  earthquake  load,  not  only  preventive  mea¬ 
sures  must  be  adopted  but  the  cross-section  of  the  load 
supporting,  structural  members  must  also  be  increased.  Under 
general  conditions, ;  the  horizontal  earthquake  load  is  in 
direct  proportion  to  structure  load;  therefore,  if  the  struc¬ 
tural  dead  weight  were  reduced,  the  horizontal  earthquake 
load  can, also  be  reduced.  If  aluminum  alloy  thin  plates 
^  .and  high  ef f  ic iency  heat-proof  and  sound-proof  materials 
'can  be  made  into  thin  plates  as  roofing  materials,  such  a 
roof,  as  compared  to  a  reinforced  concrete  roof,  is  lighter 
by  90-93^  and  the  horizontal  earthquake  load  due  to  the 
dead  weight  of  the  roof  will  be  lowered  by  67-75^. 

.The  reduction  of  structural  dead  weight  will  also 
hasten vthe  speed  of  installation.  With -similar  hoisting 
crane  equipment, .  greater  pre- fabricated  structural  members 
can  be  hoisted, ^ for  instance,  large  floor  slabs  that  can 
cover  the  entire  area  of  a  room  or  the  pre- fabricated  struc¬ 
ture,  :qf  an  entire  room.  Under  such  conditions,  "the  speed 
of -bonatruqtlon  can  be  greatly  accelerated, 

-  -  above  facts,  the  reduction  of  struc¬ 

tural  dead  weight  can  definitely  fulfill  the  goals  of  ’’more, 
faster, -  better  and  cheaper.”  Therefore,  great  efforts  have 
been,  exerted  to-  seek  various  means  to  reduce  the  dead  weight 
of  structure.  This  is  the  most  important  task  that  oonfronts 
our  c ori®t ruction  designers  today, 

'2,  Ways  to  -Reduce  the  Dead  Weight  of  Structure  ■ 

There  are;  many- ways  in- which  the  reduction  Of  struc¬ 
tural  dead -weight  can  be.’accOmpllshed,  Foreign  and  Chinese 
designers  have  ao cumulated,  much,  experience,  in  China,  Har¬ 
bin  designed  and  built  . the  new:  technical  building,  using 
pumice  stones  ;as,  aggregate  in  sllicated  floor  slabs  and  slag 
sllicated  block,  walls.  As  compared  with  the  ordinary  buildings 


the  Btructui:*al.  dead  weight  of  this  ttev;,. building  Is  .redUOed 
by  more' than  30;^*  In  foreign;  obuntrleB,  especially  jLn  the 
Soviet  union*  ■great,  attention  , is  given  to  the  reduction  of 
structural .dead  weight. '  At  prosentj'the  dead  weight  of  ci¬ 
vil  buildings  has  been  reduded .from  2,5  tons  to  1,1.  tons 
per  square  meter,  while  the' lowest  dead  weight  for  resl.den- 
...tiai  houses'  is  only ..©.76  ton, per  square  meter.  It  is  planned 
that  Within  seven  years, • ihe  average  reductioh\of  dead  weight 
of  structure  and  buildings  will  be  more .than  3©^,  '  Each' year, 
the  amount ;6f  materials  economized  Will  be  100-150  million 
tons:,  '  heroj  adoording 'to  ejcperlences  that  are  already' un¬ 
derstood,  are  .several  important  ways  to  reduce  the  dead 
.weight  of  structures?  , 

•  .(1)  improve  .building  load  supporting  structural  mem¬ 
bers  so  as'  to  -  fulf  ill  the  goal  of  reducing  the,  dead  Weight 
•Of  structures,.' ■■  .  .■ 

,  '  In  the -entire  dead  . weight  of  the  building,  the  dead 

weight  of  the  load  supporting  structural  members  .constitutes 
70-80^,  the  rest  is  .the  weight  contributed  by,  decorations 
and  equipment;' therefore,  ,, the  principal  way.  to  reduce 'the 
dead  weight  of  Structures  lies  .in  the  reduction  of  dead  .•■ 
weight  of  the  10ad:.Supportlng  :  structural  members.  .  '  ' ,  ’ 

,  '  '  ;  'j  ... ',  *  *  ■  .  0  .  '  '  ' 

(A);  Adopt  a  reasonable  design  -for ,  the  structural 
arrangement.  A  reasonable. design  for  the  structural  arrange¬ 
ment  will  reduce  the  dead  weight  of  the  structure;  thus, 
when  the  design  for: the  structural  arrangement  is  made,  a 
careful  comparison  and  selection  must  pe  made. 

In  Industrial  construction,:  a  reasonable  design  for 
structural  arrangement  should  .observe  the  following  factors; 
(a)  Statistical  data . show  that  the  squarer  the  external  form 
Of  the  area  occupied  by  a  plant  building  becomes,,  the.  great¬ 
er  the'  dead  welghtv.of  the  structure  is  reduced, ,  But  under 
general  conditions, .the  dimensionai  length  of  a  single-story 
plant  building*  3  area  along  the  dlstanc.e  of  columns  is 
generally  greater  than  the, span*;.  In  order  to  make  the  mea¬ 
surements  of  the  area  come  closer  to  the  shape  of  a  square, 
the  dead  load  of  the  structural  members  of  a  multiple- span 
plant  building  l.S:  usually  lighter  than  that  of  the  structur¬ 
al  members  of  the  single-spah  plant  building.  The  dead 
weight  of  the  structural  members  of  a  single- story  two- span 
plant  building  is  generally  lighter  than  that  of  the  struc¬ 
tural  members-  of  the:  single-  span  plant  building  by  about  20^, 
-while  the  dead  weight  of  the  structural  members  of  the  three- 
span  plant  building  is  again  lighter  than  that  0^  the  struc- 
:t\iral  members  of  the  .two- span  plant  .building  by  about  10-15^. 
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Accordingly*  we  dd  dur  utmbst  to  combine  all 

those  smaller  plant  buildiiSgs  ■;that;  hdUse  simil^ 
operations  or  cloAeiy  reld,-bed  .Adtlvitiels*  or- scattered  de¬ 
partments,  smaller  fepanl  ihtb  a,  larger,  plant  building. 

Under  such  condlf  lddd/=ihd^  hummer  d?:  walls  that  .‘are  built 
to  protect  the  structural  members., can  be  reduced.  At  the 
samd  time,  because- the  nximber  of -colximiis  along  .the' direc¬ 
tion  of  the  span- is  Increased,  it  is  favorable ‘to  the  sup¬ 
porting  strength  of,  the  cross-wise  frame^fork'sl  thus,,  the 
■  cross- section 'Of  the  columns  can  be  reduced.  As- d’ result, 
the  dead  weight  of  the  structure  is  also. reduced.;  In  addi¬ 
tion,  a  combined  plant  building  will,  raise  the  mddulus  of 
the  bulldlngfe-  oohs true t ion  area,  reduce  the ■ ground,  apace 
of  the  plant  building  it  self  i  .and  lessen  the  .lenigth  of  the 
engineering  pipe-lines,  public  utility  pipe- lines  and  ad- 
.■■.J.acent  -rpads,..*-..,  .'.'.h  . 

.  The  measureraent  for  the  network  :of' columns 
in  an  industrial  plant  building  must  be  approprliately  en- 
larged,  '  Such  an  arrangement  will  better  suit’,  the  develop¬ 
ment  of  productive  techniques  and  the  active  installation 
’  ef  equipment  and  also  enable  the  structural  dead  weight 
to.be  reduced  to  the  -minimum.  Economic  comparison  shows 
that  ih  a  multiple- span  plant  building  with  no  bridge -type 
crUnes,  ihe  most  ideal  distance;  between  columns  is  .'  IS  :  ■ 
meters  arid  the  most  ideal  width  for  spans  is  l8  to  ,24  .meters. 
Where  there  is  suspended  transportation  equipmenti  the’ dis- 
'  tance  between  coliamns  should  be  12  meters.  But  bn  the  sup¬ 
porting  structure ,  .there  should  be  a  truss  structure  erect- 
.  ed  at  six  meter  Intervals,  Subh  a  design  , is  more  suitable. 

■  In  a  multiple- span  plant  building  with  bridge- type  cranes, 

'  .  dhe  distance  columns  should  be  6-12  meters  and.  the 

'.  width  of  span  should  be  18  meters.  . 

(c)  The  space  arrangement  of  an  industrial  plant 
.building  should  be  typical  and  simplified.  In  one  plant 

■  .  building,  the  spans  and  height  should  be  of  uniform  mea¬ 

surement  so  that  there  will  be  no  varying  measvirements  in 
the  pre-fabricated  structural  members,  li  the  past,,  it  was 
.usually  assumed  that  in  order  to  reduce .th©  volume  of  a 
plant  building,  its  transverse  section  should  be  cbhstructed 
in  such  a  way  where  there  would  be  varying  heights,  formu¬ 
lating  a  so-called  '’effective  .shape”.  But,  'in  reality, 
this  is  incorrecti*.  Aooordlng  to  analysts,  such  an  arrange¬ 
ment  may  reduce  plant  building  volume  to  ;a  certain  degree, 
but  under  most  conditions’,  the  varying  heights 'bf  the  trans¬ 
verse  section. render  the  construction  of  the  structure  more 
complicated  and  the.  loading  distribution  of  the  transverse 

■  direction  framing  becomes  more  serious  and  as  a  result, 
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production  cost  vrlll- be  higher.  - 

•As  to  the  problem  of  whetheb /the  .plant  bulldlr^ 
should  be  cbnBtrhoted  on  the  basis  of  one,  story  or^of  mul¬ 
tiple'  storid  a,  it  phouid  be'  deoided  oh. the  basis  of  the  act¬ 
ual  oondlt  Ions.  ,•  In  general'.,:  one- etory  plant,  buildings  are 
more  economic ai  t pan  multiple- stoby .buildings^  For  in¬ 

stance,  a  Soviet  chemical  industry  one- story  plant  building 
(span  18  meters,  : height  5-|6  meters)  has  a  construction  cost 
of  400  rubles  per:  square  meter,  while  the  ■, cost  for  multiple- 
story  plant,  building  is  at  500  rubies  per  squape  meter..  Con¬ 
sequently,  if  the  construction  project  is  npt  limited  by 
ground  space,  it  is  not  advisable  to  use  the  narrow  (less 
than  24-30  metebs)„ijiultlple- story  plant  building  design. 

In  many  cases  .where; the. production  process  consists 
of  a  vertical  production  procedure,  it  is  better  to  change 
the  process  into  a  horizontal  production  procedure  so  that 
the  plant  building -can,  be  changed  into  a  one- story  .•building. 

At  the  same  time,  whenever  the  load; is  greater  than  1-1; 5 
tons  per  square  .-me.tei'^,  o  one- story  plant  building  should  be 
adopted.  •  ’  "  ■  '  • 

(d)  Ih. designing  industrial  plant  buildings,  there 
is  another  effective  method  to .reduce  the  dead  weight  of 
the  structure.  This  method. stresses  the  importance  of  separat- 
.  ing  the  beam  structural  membe.rs  of  the  bridge- type  cranes 
fbom  the  load  supportins  structural  members  of  the  plant 
building  in  the  design.  ‘According  to  Soviet  statistics,  the 
four- span  one- story  plant  building  (the  network  of  coliunns 
18x6  metens,  length  l50  meters,  height  8  meters)  without 
'  bridge- type  cranes  has  a  structiiral  'dead  weight  of  100^, 
while  a  similar  plant  building  that  has  a  5-10  ton  crane  has 
a  structural  dead  weight  of  116;^,  another  similar  plant  build¬ 
ing  that  has  a  15-20  ton  crane  has  a  structural  dead  weight 
of  122^,  still  ardtthsir.  similar  plant  building  that  has  a  30 
ton  crane  has  a  structural  dead  weight  of  .12o^.  The  rea^son 
that  the  dead  weight  of  structure  continues  .to  increase  lies 
in  the  fact  that  there  is  . the  load  of  the  crane  equipment 
erected  On  the  plant. 'building  structure,  increasing  the  in- 
eternal  suppobt ing  strength  of  the  columns  and  enalrglng  the 
oross-seotion  of  the  columns,.  At  the  same  time,  with  the 
crane  beams,  crane  rails.and  the  repair  platform  and  other 
such  structural  .members,-  the  height  of  the  plant  building 
must  be  correspondingly  realsed  arid  haunched  construction 
must  be  added  to  the  columns.  Of  course,,  at  present,  the  de¬ 
sign  for  those, plant  buildings  that  have  bridge-type  cranes 
hot  only,  has  th©  weakness. of  having  an.  increased  dead  weight 
of  structure  but  ,also>,has’ the  limitation  pf  beam  span  for  the 
crane.  As  huch,  the  distance  between  the  columns  cannot  be 
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extended,  nestridtirig  ^these  pldint  btilldiiisa  from  many-, usesi 
No¥,  beoause -of  tlale  ■  the  :tt*end  in  tbd  Baviet.  Union  Is 

not  to  use  the  :.br id^ei* tl’pe  cr^hd d  ihsido  'piant  .bhiidingB  for 
Internal  transp.o.rtatiiijri  but  ■  io  ti^e  iamill'-  M  .or.  con-* 

tinuous  transportation  ei^iiifimehti  or  the  new  e'leqtriPaiiy 
operated  tacjcle  -blocks,  or  doo'r-type  cranes,  .  or  .alr-ccimpresS- 
ed  transportation  lines  and  hanging  cranes  to  substitute  for 
the  bridge<^.type  cranes,'  Special  attention  must  be  given  to 
this ;:facti'  :  - 

(e)  in  one-story  plant  buildings,  the  shape  or 
A  shape  sky-light  structure  should  hot  be  adopted  because 
these  types  of  ; structures  have  many  weaknesses, .  First  of 
all,  they  have- sky- light  frames,  sky-light  side  walls ; and 
the  structural  members  Of  the  end  partitions,,  which  Increase 
the  load  of,  the  roof  and  at  the  same  time,  these  structures 
aggravate  the  ; serious  load  distribution  on  the  v buildins  ' 
frame  works,  .changing  "them  from  receiving  an  even  load,  to 
supporting  a  concentrated  load*  As  a  result,  the  materials 
for  building  frame  must  be  increased  and  the  structural  dead 
weight  ,is  correapondlngly  Increased*  ■  ■ 

/jSfot  only  this,  but  after 71.  shape  or  A  shape  sky- ; 
lights  are  erected,  there  will  be  an  additional  load  from 
the  wind;  and  snow.;  the  former  is  brought  about  by  the  in¬ 
creased  building  area  while  the  latter  is  caused  by  the 
snow  piled  on  the  side  of  the  sky-lights,  This  ,1s  quite  a 
serious  problem  in  places  where  the  climate  is  very  cold. 

If  flat  top  sky-lights  or  roofs,  no' skywllghts  are  used,, the 
above-mentioned  weaknesses  vrill  be  eliminated  and,  further-  . 
more,  the  construction  cost  for  the  roof  will  be  lowered  by 
15-20^.  In  cold  Climate  areas,  such  roof  structures  will 
reduce  the  possibility  of  losing  heat  thrOugh  the  glass 
structure ;Of  the:  sky-lights  and  the  cracks 'in  the  sky-light 
panels.  Loss  through  such  means  is  generally  :more  than  50^ 
of  the  total  boat  lost  through  the  entire  supporting-  s true-, 
ture  of  the  plant  building* 

■(f) . In  certain  industries,  some  enterprises  are 
operated  by "equipment  that  are  installed  in  open-air  or 
partially  open-air  areas:  and  do  not  require  plant  buildings 
to  house  or  partially  housing  the  technical  equipment.  Such 
enterprises  naturally  economize  a  great  amount  of  construc¬ 
tion  materials,.  This  method  of  not  housing  or  partially 
housing  the  equipment  in  the  plant  buildings  brings  another 
convenience  to  production,  because  it  enables  the  enterprise 
to  transform  its  structure  readily,  and  at  the  same  time, ; 
the  construction  of  such  an  enterprise  can  be  dbne  rapidly, 
Though  this  is.  the  mo si  thorough  method  to  reduce  the  dead 
weight  df  structures,  most  enterprises  now  (miich  more  so  in 
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the  future)  oaunot  adopt  this  method  heOause  their  equipment 
and  products  oannot  he  opere^ted  and  manufactured  in  the  open- 
air  >areas.  According-  to  present  experlenoeB,  such  enter¬ 
prises  as  the  cement  factory,  mining  enterprise,  heat- re-  • 
siatant  materials  plant,  contain  chemical  industries  arid  ' 
roll  refinery  can  he  operated  iri  trie  open-air  areas.  ‘ ' 

;v  ,  V  construction,  under  certain  Conditions,  : 

the  use  of  partition  walls  (Internal  walls)  to  support  the 
l6ad  instead  of  relying  wholly  on  the  outside  walls  (exter¬ 
nal  walls)  is  another  /method  to  reduce  the  dead  weight  of 
structures.  ‘  In  designing  the  external  walls,  it  is  ofte'ri  to 
make  them  very  thick,  not  because  they  are  required  for  their 
strength  hut  because  they  are  required  to  preserve  he at /and 
as  such,  the  materials  so  used  are  not  employed  to  their  ■. 
fullest  extent.  . If  the  Internal  walls  are  used  to  support 
the  load  and  light  materials  are  used  for  the  construct ion 
of  the  external  walls, . the  construction  materials  will  he  , 
,U8ed=  to  their  .fullest  extent,  and  the  dead  weight  of  the.,./ 
walls  will  be  reduced.  Not  only  this,  but  to  use  the  inter¬ 
nal  walla  to  support  the  load  will  reduce  the  span  of  the 
floor  slabs  (along  the  surface  of  the  rooms  but  not  along 
the  depth  of  the  building),  and  will  form  a  continuous  multi¬ 
ple-span  series  of  slabs,  whose  thickness  can  be  according¬ 
ly  reduced.. 

.  Calculations  have  shown  that  Internal  walls  load 
supporting,  as  compared  to  external  walls  load  supporting, 
reduces  the  dead  weight,  of  structure  by  160  kilograms  per- • 
square  meter..  If  there  were  10,000,000  square  meters  of 
■residential  houses  constructed  each  year  throughout  the  coun¬ 
try,  there  would  be  1,600,000  tons  of  oonstructlon  materials 
economized.  Here  attention  must  be  called  to  the  fact  that 
internal  walls  load  supporting  does  not  under  all  conditions 
reduce  the  dead  weight  of  structures  as  compared  to  the  ex¬ 
ternal  walls  load  supporting,  but  in  the  over- all  design, 
an  economic  comparison  should  decide  the  problem. 

:  In  addition,  to  reduce  the  height  of  stories  in  re¬ 
sidential  houses  is  another  effective  measure  to  reduce;  the 
■dead  weight  Of  structures.  For  Instance,  the  height  of  a 
story  reduced  from  three  meters  to  2.7  Jester s  will  lessen 
the  structural  dead  weight  by  4-5^.  In  -the  Soviet  Union, 
the  height  of  a  story  has  .been  reduced  to  2. 5  meters. 

^  Adopt  high  efficiency  strupturai  forms  to  reduce 

the  dead  weight  of  structure.  .  , 

Highefficiency  structural  forms  can  directly  but 
not;  Indirectly  distribute  the  load  on  the  supporting  Struc¬ 
ture  to  foundatlbns.'  5he  Internal  load  of 'the  structure  is 
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an  axial  stresa  jliut  iidt  a  bendln,^  streaiai  'Ihe  hlgli  efficien¬ 
cy  structural  dan  fully  4i|biiik4  the  li^ ad ‘carrying  capa¬ 

city  of  the  ^^ter^ials ‘besluse  j  Me  lieiedtid^  the  atruc-  V 
tural '.f#TS®  is' hased  .:.d]d  .tii||  .^^  ’  .At  the  -same  •  time*  ?. 

the  shape  of  theij?  crostuAeAtioh  ie  .generally ■'composed  of 
thin  walls;  holloaed  cehtei*, ,  aAdiwCurted  surface  i  hut  not. 
hoi*izontai;  ‘Aocds^diilgly,  the  structural  dead'  weight  is  Very 
small.-  At  present,  those  principal  high  efficiency  struc¬ 
tural  forms  that  should  he  mentioned  here  ares  ■ 

\  In '  the  field  of  steel  reinforced  concrete,  atructviral 
memherss  ’  ' 

‘  (a)  Fabricated  pre- stressed,  steel  reinforced  con¬ 
crete  Structural  members:  Owing  to  the  utilization  of  high 
strength  steel  materials  and  reinforced  concrete,  these 
structural  members  not  only  enable  the  structure  to  become 
.  better  ( in  respect  to  its  ability  to  resist  cracking, .have 
.  better  durability  and  to  substitute  for  steel  Structural 
members  in  large  spans) ,  but  also  re dude  the  drpss-sectlon 
of  the  structural  members,  whereby  the  dead  weight  Is  also 
reduced.  ;  In  an  individual  case  where  high  strength  steel 
materials  and  the  No  1,000  reinforced  concrete  are  used.  It 
is  possible  to  reduce  the  dead  weight  Of  the  'Steei  reinforced 
concrete  structure  dovm  to  close  to  that  of 'a  steel  struc¬ 
ture  (if  No  IjOOO  reinforced  concrete  Is  used  to  construct 
:an  18-meter  span  of  pre-stressed  frame-work,  the  weight  of 
each  unit  isV2e6  tons,  which  is  equivalent  to  only  55^  of 
'the  weight,  of  a  steel  frame  -  wo  rk )  .  '  . 

!  (b)  Shell  structure:  Owing  to  its  ability  to  dis¬ 

tribute  Very  rapidly  the  load  of  the  roof  to  the  external 
..  walls  that ,  support  the  structure,  th©  internal  load  of  the 
shell  roof  structure  is  principally  an  exial‘ Stress  (most 
of  which  is  pressure'  stress),  so,  the  thin  shell,  roof; Struc¬ 
ture  can  fully  utilize  the  merits  of  the  load' carrying  capa¬ 
city  of  reinforced  concrete,  uniting  the  roof  structure  load 
supporting  ability  and  its  protective  function  into  one,  so 
its  thimkness  can  be  made  very  thin.  At  the  same  time, 
since  the  surface  of  the  thin  shell  structure  is  a  curve, 
its  rigidity  is  very  high.  Owing  to  these  'advantages,-,  to 
use  a .thin  shell  structure  to  cover  a  great  span  of  a. roof 
is  an  extremely  favorable  condition  in  reducing  structural 
dead  weighty  This  type  of  high  efficiency  Structural  forms 
has  become  more ' obviously  acknowledged  by  the  general  public. 
The  existing  problem  is  to  create  more  up-to-date  thin  shell 
forms,  to  develop'  fabricated  thin  shell  structures  and  to 
further  simplify  their  calculation  methods  sO  that  this  type 
of  struotures  will  serve  the  construction  industry  better. 

(c)  The  structure  of  rolled  plates:  ■'The  structure 
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of  rolled  steel  reinforced  'opndrete  plates  Is  tilxe  most  ef-.  _ 
fective  struotiire  In  construe ti^dni  •  ThS'se  plates  pan.  1)0  used 
in  Internal  and  external 'walp.s/  pre-stresSed  flobr  slabs 
and  roof  Ins  plates.  Their 'st3?ubture  is  formulated  by  steel 
reinforced  ooncrete  thin  Wai-L'  ribbed  plates— shell  plates. 

The  external  walls  are  erected  by  the  Joinins  of  two  shell;,, 
plates,  In  between  whicia  a  layer  of  asbestos  for  pre serving  ^ 
heat  is  Inserted,  The  Internal  walls  may  use  one  shell  plate 
or  may  Join  two  shell  plates  for  their  formation.  Between' 
the  shell  plates,  dowels  are  inserted  so  that  they  oan  be 
easily  welded  together.  These  rolled  plates  give  the  fin¬ 
ished  products  a  very  high •  strength  and  an  accurate  geome¬ 
tric  measurement.  They  can  make  a  thin  wall  as  thin  as  onp; 
millimeter;  thus  they  help  to  economize  construction  materi- 

diX'S  •  ■  '  *  •  ^ 

When  the  framO-work  is  Welded  together,  for  each  . 
square  meter  of  living  space,  0,33^  cubic  meter  of  ooncrete 
and  26  kilograms  of  ;steei  are  used.  If  mineral  slag  rein¬ 
forced  concrete  plates  are  used  for  the  construction  of : rpr 
sidenhlal  houses,  the  dead  weight  for  each  cubic  meter  is 
470  kilograms,  while  pottery  aggregate  reinforced  ooncrete 
wail  plates  are  used,  the  dead  weight  will  be  370  kilograms, 
and  if  rolled  plates  are  used,  the  structural  dead  weight  ,  ' 
is  only  22'6  kilograms.  This  is  a  Teduction  of  about  pile- third 
td- 'Sa^'half  •  '  ' 

*  ■  'The  merit  of  a  rolled  plate  structure  not  only  lies 
in  its  ability  to  reduce  the  structural  dead  weight  but  also 
lies  in  the  fact  that  the  structural  members  can  be  produced 
on  a  factory  basis, ;  reducing  the  amount  of  labor  required 
for  its  production  and  Installation,  extending  the  measure¬ 
ments  for  the  plate  structure,  and  reducing  the  necessity  0,:^ 
re-prooesslng,  because  the  surface  of  the  plates  is  very 
smooth.  ' 

■  All  these  facts  help  to  hasten  the  speed  of  construc¬ 
tion.  At  the  same  time,  when  these  plates  are  rolled,  heat, 
is  being  generated  so  there  is  no  necessity  to  apply  a  steam 
operation;  therefore- manufacturing  time  is  shortened  and 
plant  production  efficiency  is  also  raised, 

(d)  The  load  carrying  space  structural  unit:  This 
type  of  struotxiTe  is  the  most  advanced  type  of  fabricated 
structure'  for  housing  constructions,  It  is  a  single  unit  or 
a  complete  fabricated  roo®  as  a  unit,  being  a  hexagon  box¬ 
shaped  structural  member.  The  internal  decorations  or  equip¬ 
ment  .of  the  room  are  completely  finished  at  the  factory  and 
the  completed  room  is  then  transported  tb  the  construction 
area  where  it  is  being  erected.  Such  structural  members 
can  be  used  hot  only  In  residential  homes  but  also  in  hotels. 
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public  dormitories  and  hospitals.  The  space  rigidity  of  these 
space  structure  s  .hds  been  gr0;atly  ihcreafeed;  anii  the  load  on 
the  or  os  s-f  wise  and  ./iehgth-wii|:intethai,  walls  iisalao  reduc¬ 
ed*  The  load  B'hppbrtlng  capai^ltjf  Of  the  cphstruc t  ion  materi¬ 
als  is  fully  utilizedi  ^  i,eiii#^iih^ys",qbnatructioh  labor  Is' 
greatly  lowered  and  :the  plant  building  is  completed  within  : 
a  shorter  period  of  time. 

According  to  ;Soviet  atatlstlcs,  resldential.  hbtises 
that  are  constructed. with  these  structural  members  have 
showi  excellent  .technical  and  economic,  values:  ^.compared 
with  large- size  wooden  structures, anh;  large-size  fabricated 
structures,  '.these  fabricated  room  units  have  reduced,  the 
dead  weight  by  140-180  kilograms  per  .cubic  meter;  ,  the ‘amount 
of  steel  used  for  the  construction  of  houses  per 'cubic  meter 
is '4o 5  kilograms;  the  amount  of  labor  used  at  the  construe-, 
t ion  area  is  0»4  labor  day;  and  the  amount ; of ■  reinforced  ' 
concrete  used  is  0,03  cubic  meter.  .  Not  only,  this,  the  adop¬ 
tion  of  these  completed  room  units  also, reduces  the'.,.(iuanti- 
ty  of  installed  .  structural  members  '  and  a  smaller variety 
of  varying  sizes  of  .  structural  members,  '  ;  .  ,  ' 

'For  instance,  to  construct  a  pre- fabricated  large 
^ooden  'house,  it  needs  more  than  30  varieties  of  structural ; 
..members  of  varying  measurements,  whereas*  the.  construction  of 
a  load  carrying  space  structural  unlt  nee'dS  only  five  vari¬ 
eties  of  structural  members,  of  varying  measurements.  This 
is  advantageous  to  production  based  on  a  factory  basis. 

Owing' to  the  nature  of  these  completed  room  iinlts,' the  com¬ 
plicated  installation  of  decorations,  sanitary  equipmenits  , 
all  are  done  In  the  factory  where  quality  and  the,  high  de¬ 
gree  of  industilalizatlon  Can  be  guaranteed,  -  .Oonsequently, 
these  str act ur(?s  liave  a  very  promising  future  in  their  de-  , 
velopment, 

(e)  Folded  plate  structure;  The  surface,  of  this 
structure  is  formed  by  many  horizontal  broken-lines,  'Basic*' 
ally  it  is  Similar  to  the  thin  shell  structure  and  has  itany 
similar  merits,  but  its  load  carrying  capacity  is  inferior 
to  that  of  the  thin  shell  structure.  However,  it  has  oer-"' 
tain  advantages  that  cannot' be  paralleled  by  the  thin  shell 
structure;  that  is,  because  it  is  formed  by  horizontal  ■ : 
plates,  its  mould  plates  can  be  constructed  more  easily. 

At  present,  folded  plate  structure  is  not  very  widely  used. 

In  steel  reinforced  concrete  structures,  besides 
the  above  several  high  efficiency  structural  forms,  there 
are  other  forms  for  the  cross-section  of  the  structural 
members, • such  as  hollowed  .center  and  thin  wall  strubtures, 
with  which  the  goal  of. reducing  the  structural  dead  weight 
may  be  fulfilled.  The  most  commonly  seen  are  the  hollowed 
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floor,  slabs  arid  the  followed  fabricated  foundation  blocks* 
Acdording  to  So^^iOt  ekperieuces,  to  use  hbllotired  blocks  to 
construct  '&•  foundation  can  reduce  tb®  dead  weight  of  a*  strlp- 
sbaped  foundation  by  more  than  40^  and  the  construction  cost 
by  30-40^.  It'  can  be  safely  predicted  that  the  .employment 
of  hollOwed  thln-wall  cross-section  structure  will  be  wide¬ 
ly  applied  in  the  future. 

In  the  field  of  steel  structure: 

(a)  Susbended  structure:,  Suspended  structures  are 
hostiy  used  in  large-span  roofing  structures.  In  this  type 
of  structures,  the  principal  load  carrying  structural  mem¬ 
bers  are  the  steel  cables  yrhlch  support  th®  stress ;  there¬ 
fore  high  strength  steel  cables  are  uSed  as  load  carrying 
structural  members,  as  such,  tbe  materials  are  usedtO  their 
fullest  extent  and  the  amount  of  materials  used  is  greatly 
reduced*  •  In  addition,  the  materials  used  for  the  oonstruo- 
tlon  of  these  suspended  roofing  structures  are  generally 
of  light-weight  nature,  such  as.  wooden  boards,  water-proof 
painted  corrugated  .iron  plates,  plastics,  light-weight  re¬ 
inforced  concrete  plates  and  silicate d  plates; -as  the  re¬ 
sult,  the  whole  roof  structure  .is  very  light.  Gehrally,  the 
weight' of  such. roofing  structure  is  about .100  kilograms  per 
scjuare  meter,  and’ compared  with  ordinary  rpoflng  structure, 
it  is  considerably  lighter.  At  the  same  time,  this  type  of 
structure  can  cover  a  great  span,  be  formed  easily,  con¬ 
structed  conveniently,  and  ean  be  made  in  various  beautiful 
shapes.  With  these  merits,  suspended  structures  have  been 
widely  used  in  China  within  the  recent  years. 

(b)  Pre-stressed  steel  structure:  Because  of  its 
.merits,  such  as  high  strength,  light  structure,  arid  manufac¬ 
ture  on  a  factory  basis,  steel  structures  are  very  good  cort- 
structiori  materials.  However,  at  present,  China* s  steel 
production  is  not  very  great,  so  steel  is  reserved  for  use 
in  those  places  where  the  need  for  steel  is  the  greatest. 
Consequently,  in  the  construction  Industry,  steel  reinforced 
concrete  should  substitute  for  steel  structures.  Though  the 
general  trend  may  be  so,  certain  economic  departments  (such 
as  the  metallurgical,  chemical  and  heavy  machinery  manufac¬ 
turing  industrial  departments)  still  must  use  the  steel 
structures  because  of  the  needs  arising  from  the  nature  of 
product lori  and  the  limitations  arising  from  construction  tech¬ 
niques,”  ' 

In  steel-structures,  one  of,  the  Important  measures 
to  reduce  structural  dead  weight  .is'  the  adoption  of  pre¬ 
stressed  steel  structures:.  The  .principle'  for  the  construo- 
.'tlon  of  this  type  of  structures  Is/eomewhat  similar  to  that 
for  the  bonstruotion  of  pre-streBsed  steel  reinforced  concrete 
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struotures/-  Generailly,:  theri:  twd  types  5f  conditions s  ■ 

in  onoj  t^e.  mdteniai  'stnen^i'hi  in;  th©  / strl^oture.  M 
fully-  utilized',  (snetl  as  ;bi,5lt|v  .pi*©- Stressed  should  'be 

employed  to  adjust,  t-de  4Ht©i^,hS,l,  i'6M*  distribution' in  the 
structure  So  .tbat,  the- iiiit©rl'alf,.o  be  fully,  utilized.  In 
another/  the  material  strength^ln  the  structure 'has  been 
■fully  ..utilized  (such. as  trusses),  then,  add  a  high  strength 
Steel  material  to  the  structure  to  form  a  pulling  lever,  so 
as  to  counteract  a  part  o©^  the  entire  internal  Ipad  in  the 
original  structure,  thereby,  the  load  carrying  oapacity  of 
the  structure  can  be  increased.  According  to  past  experiences 
pre- stressed  steel  structures  can  economize  .  50-^40^  in  steel 
materials  and  structural ■ dead  weight  is  .also .redheed. 

.(o)  Lightrwe  ight  leyer  steel  stru,clure;  .  Among, 
these  structures,  there  are  the  thin-wall  struoturesi  the 
.  thin-plate  box-shape  structures',,  the  cold- bent  steel  struc¬ 
tures  and  the  steel  pipe  structures,  Ihe  light-weight  steel 
structures  have ' light  dead  weight ,  can.  be  Joined  together 
by  simple  welding  and  can  be  constructed  easily, ■  These 
structures  have  a  promising  future  for  development,  r  ■ ; 

According  to  experiences  gained  by  the .German  Demo¬ 
cratic  Republic,  a  truss  made  by  a  light-weight  steel  struc¬ 
ture  can  be  designed  to  'nse  a  similar  amount  of  s't©el  as 
that  used  in  a  steel  re-inforced  concrete  structure, 

In  th©  field  of  brick  and  stone  .structure: 

(a)'  Vibrated  brick  wall  plate  structure:  Under  pre¬ 
sent  conditions  in  China,  bricks  are  still  the  prihcipal  . 
materials  used  for  load  supporting  and  for  the  structure  of 
protective  ^ails.  Indeed,  they  will:  be  superseded  by  : large- 
size  wooden  boards- and  large- size  light-weight  .fabricated 
plates,  ,  However^  at  present,  when  considerations  are  given 
to  how  to  reduce  .the  dead  weight,  of  structures,  the  brick 
structure  problem  cannot  be  neglected.  Acobrding  to;  Soviet 
experiences,  the  present  proportional  weight  of  brick  walls 
is  still  very  great*  Up. till  1955,  the  productlbh  of  a  com¬ 
mon  brick  wall  In  the  Soviet  Union  still  required  about  50^ 
of  the  total  amoiint  of  construction  materials  for  an  entire 
wall.  When  in  the  Soviet  Union  the  amount  of  materials  is 
',s0  great,  in  China ,;the  amount  would  be  even  greater,'  "Thus; 
attempts  must  be  made  .to  reduce  the  dead  weight  of 'the. 'brick 
walls*  /•-  I.’",:,:  '  .  , 

Vibrated  brick  wall  plates  are  the  ne'w  structures 
that  will  fulfill  this  goal.  They  are  formed  by  laying 
bricks  in  'between  mould  boards,  filled  solid ’wl'th  mortar  : 

•  by  vibration  and. pressing.  A  heat .preserving  layer  may  be 
added  to  the  large- size  brick  .wall  plates,  so  that  they  can 
be  used  for  the  construction  of  external  walls',  '  These  brick 
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walls  pldtes  TiaVe  many  merit  p  ;  6he  of  it  s  ' principal '  merit  P' 
is  the  reduction  of  structural  dpad  weight,  pf  houses*  .  ^h®  ' 
dead  weight  of  one  ouhio  metpr  bf-  ordiaary  brick  house 
540  kilograms,  while  that  of  6he  butiib  meter  bf  viBrated 
brick  wall  plate  house  is  only  300  kllogramsi  (fhe  dead 
weight  is  reduced  by  more  than  one- third  and  the  amount  of 
bricks  used  is  reduced  by  nearly  two-thirds.  Construction  ; 
labor  is  also  reduced  by  nearly  one-half i  The  reason  for  , 
those  reductions  lies  in  the  fact  that  at  present,  in  erect¬ 
ing  a  brick  building  of  less  thanfiVestoriesjthethlok- 
ness  of  the  external  walls  is  designed  to  meet  the  needs  of 
heat  preservation,  so  they  are  far  thicker  than  the  actual 
need  for  load  carrying,  in  general,  about  73%  of  the  materi¬ 
als  in  the  external  brick  walls  are  not  fully  utilized. 
Therefore',  light-weight  low  he  at- conduct  ton  materials  shoiild 
be  used  to  make  a  layer  of  heat  preserving  structure  to  sub¬ 
stitute  for  ordinary  bricks. 

In  the  erecting  of  load  carrying  internal  walls,  the 
work  is  generally  not  done  properly,  because  the  mortar v 
placed  in  between  the  bricks  is  not  solidly  pressed.  As  a  ' 
result,  the  strength  of  the  brick  wall 'is  weaker  than  the 
bricks  and  mortar  by  about .two- thids.  In. adopting  the  vl-' 
brated  brick  wall  plates,  the  solidity  of  the  mortar  increasss 
the  strength  of  the  finished  wall.  This  is  the  fullest  uti¬ 
lization  of  the  mechanical  properties  of  the  bricks  so  used. 
Consequently,  it  is  possible  to  erect  walls  of  half-a-brick 
thickness  to  support  the  load  of  a  building  as  high  as  five 
stories.  In  addition,  in  adopting  the  vibrated  brick  wall 
'  plates,  it  raises  the  degree  of  fabrication  of  wall  struc¬ 
tures,  In  the  manufacturing  process,  there  Isno  special 
equipment  needed.  Furthermore,  wall  decorations  and  paint¬ 
ing  can  be  done  before  the  plates  are  constructed  into  Walls, 
So  this  is  another  advantage  by  which  construction  can  be 
;hastenedV"  ■' 

(b)' Non- reinforced  brick  thin  shell:  In  using 
a  Suitable  curve- shape  structure,  it  Is  possiblS  to  turn  the' 
Internal  stress  of ' the  entire  thin  shell  into  a  compress lye , 
stress  rather  than  a  tensile  stress.  This  type  of\non- 
tensile  stress  thin'  shells  Can  be  wholly  made  of  bricks  and 
can  be  made  in  a  thickness  one  quarter  that  of  a  brick. 

This  type  of  structure  has  the  msnlts  of  the  thin  shell 
structures 'as  mentioned  in  the  abCve  discussion, .  It  is 
worthwhile  to  apnSiad  this  information.  At  present,  this 
type  of  Structure  is  quite  widely  used  in  Kwangtung  Province, 
but  the  measurements  for  the  non- reinforced  brick  thin  shell 
that  has. been  adbpted  in' construction  are  hot’  very  large, 

(o)  Make  use  of  advanced  theories  for  structural 
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oalciilat iona :  Advarioed  sti‘tiotui’a.1  ealotilat ion  tlieorle a  al- 

ad  can  ne'dube  the' dead  weight  df  Ctriictunea^  .  At  present, 
structural  thedries  hased  :d|-the' ultimate,  design  calcula- 
tidhs  are,  very"  adVanded^^the'8i(^iedirv'iiiby  are  .  far  superior 
td  those- that 'are  hased  'bh'  i^lld  and  failure 

conditiCrl  calculations*  '  dlhef  are  more"  suited  to  aCtUal 
structural'  ednditidhs  and  can  ''fuif  ill  more  economical  struc-* 
tural  planninig.  According  to  statistics,  a  rdpfing  . plate 
whose  fie asUremehts  are  1,5x6  meter,  when  it  supports  d  load 
of  650  kilograms -  per  square  me  ter ,  the.  dead  weight  of  the 
roofing  plate,  in  accordance  with  the  ultimate  deslgncal- 
'  CUlatlon,  is  100^>  it  were  based  on  the  former  method 

’"of  calouiatiOn,  'the  dead J  weight  of  the  roofing  plate  would 
be  "119-12 

supporting  various  types  of  .loads, 
the  dead  weight, 'based  on  the  Ultimate  design  calculation, 
is  100^*  but  if  it  were'  based  on  the  former  method  pf  Cal¬ 
culation,  the  dead  weight  would  be  121-180^  (eccentric,  load. 
Without  iongltudihal  bending).  Or  139-240^  (axial  load,  with¬ 
out  longitudinal  bending)  »  It  is  o.bvious  that  by  applying 
advanced  structural  calculation  theories,  the  reduction 
Of  structural  dead  weight  can  also  be  attained, 

(^)  Adopt  light- weight  high-strength  Construction 
materials  for  load-  sUpportihg  and  protecting  structures  in 
buildings  so -as  to  reduce  the  dead  weight  of  structures, ■ 

AnCther' important  way- to  reduce,  the- dead  weight  of 
st rue ture s  1 s  the  adopt ion  of  light-weight  high- strength 
Cohstructlon'  materials  for  load  supporting  and  protecting 
structures  in  buildings.  Several  principal  light-weight  , 
high  strength  materials  are  discussed  inthefollowing;- 

(A)’  High  strength  steel  materials;  Principally 
they  consist  of : ■ Ta)  high  strength  steel  wires;  their  maxl- 
mui  strength  generai|.y  is  15»000-20,000  kilograms  per  square 
milllfieter;  (b)  high  strength  steel  rods;  their  maximum 
.strength  is'  9,000-15,000  kilograms  per  square  millimeter; 

(0)  steei  cables;  this  steel  material  has  the  mnrits  possess¬ 
ed  by  the  above  two  types  of  steel  materials,  Steel  cables 
are  formed  by  binding  a  number  of  high  strength  steel  wires 
together.  They  have  a  high  stress  and  a  large  cross-sec¬ 
tion,  so  they  not  only  economize  on  the  amount  of  materials 
but  are  also  convenient  for  construction,  and  at  the  same 
time  they' are  easily  bonded  togetlier  with  reinforced  con¬ 
crete.  Furthermore ;,  cables' have  a  very  good  elasticity. 
Which  is  suitable  for  the  pre-*stressed  fabrication  of  a 
curved  formation.  ' 

,  tf(3)  High  grade  reinforced  concrete;  The  .applica¬ 
tion  of  high  grade  reinforced  concrete  can  lessen  the  cross 
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aeotion  of  the  .structurii  memtfers  and  reduce  the.  .dead  wels^'t 
of  .  the  structures*  The.. aanufacturins.  of,  No*^  1,000  reinforc¬ 
ed  concrete  house  framlftg  has  been  successful.  ^  If  th® 
strength  of  reinforced  oonotete  can  be  further  .raised,,  the 
dead  weight  of  reinforced  cbhhrete*  stihiotures  will  be  .able; 
to  fliatch  that  of  a.steel  struc'tui^.  .  '  .  ,  '  ;  , 

(0)  Steel  .mesh  cement:  Steel  me-sh,  cement  is  a, 
new  form  of  material,,  formed  by  laying  several  layers  pf„ 
.steel  mesh  Into  a  cement  mortar.  As  compared, to  ordinary  : 
steel  reinforced  concrete,  It  has  better  Isotropic,  antl- 
oreeplag,  elastic  and  tensile  strengths*  .At  the  , same  time, 
the  several  layers  of  steel  mesh  inside  the  cement. will  ln*« 
crease  Its.  internal  adhesion  and  bond  strength.  The  .steel 
mesh  also  distributes  the  shrinkage  of  the  cement  mortar, 

; rendering  the  mortar  more,  solid,  which  has  a  better  reaction 
to  penetration.  With  the  several  layers  of  steel  mesh,  the 
elasticity  of  the  oem^t mortar  Is  raised  so  much  so  that  It 
can  stand  a  certain  degree  of  shook, 

steel. mesh  Is  generally  made  of  0*5-l»5  deolmllli- 
meter'  steel  wires,  with  the  ntesh  holes  of  10-15  deolmilll- 
meters,  .Generally,  I  the  thicknesa  of  steel-wire  mesh  .cement 
structure  Is  12-25  dec imllllme ter s.  If  additional  steel 
rods  are  .Inserted  in  the  middle  of  the  structure*  the  thick¬ 
ness  can  be  increased  to  60-100  deolmlllimeters.  If  steel 
wire  mesh  cement  were  adopted  to  make  curved  shape  arch- 
type  thin  shell  atruoture S',  the  .  dead  weight  would  be  only 
A0*f.50^  of  that  of  the-  common  reinforced  concrete, 

^  Pottery  aggregate  reinforced  concrete:  Pottery 

aggregate  Is  .an  artificially  manufactured  porour  light-weight 
aggregate  material.  Its  quality  is  light  and  hard. ;  Its  ■ 
B'urface  Is  comparatively  small.  It  has  a  low  water  absorb¬ 
ing  rate,  and  does  not  contain  any  unfs%orable  elements.  It 
■can  be  mixed  with  any  type  of  light-weight  reluforced  oon- 
oretei  It  can  be  used  as  wall  plate  or  floor  slab  struo-  , 
tures.  Take  external  walls  as  an  example,  if  No,  50. Pottery 
aggregate  reinforced  concrete  were  used  to .  make  a  20-m.tlll- 
meter  thick  wall,  the  dead  vreight  per  square  meter  ijrould  be 
133  kilograms,  but  under  heat  preservation  requirements,,  an 
.;ordlnary  brick  wall  that  has  a  two- and- a- half  brick  thick¬ 
ness  of  similar  size  would  have  a  dead  weight  of  .943  kilor 
digrams,' ..-.c 

y  In  the  case  of  an  80-.decimllllmeter  . thick  floor  . 
slab  structure,  if  pottery  aggregate  reinforced  concrete 
were  used,  the;  dead- weight  per  square  meter  would  be  120  ., 
kilograms*  whereas.  If  multiple- ribbed-,  steel  reinforced 
concrete  slabs  were  adopted,  the  dead  weight  per  square 
meter  ifould  be  .165  •kilograms.  Pottery  aggregate  reinforced 


concrete  is  a.  Mgk  effioi^ncjr  bonkti^tiction  , material.  It  can 
reduce  dead  .wMgb.t  and  the  ’o^heti'uctlon;:ccieti 

^  ^  8to|ie.  .i’ein^o^ced  i!i(^nerete:  Pumice  :  . 

stones  are  sponge4lilje  Joi’d'u#  StMdtures  which,  also  ai^e  na¬ 
tural  light- we  isht-aggreglite'''*^^'*^^^!®'^®*  They  are  found, in 
many :  parts  of  China  and  thef#  deposits  are  very  rich,  if 
puiiee  Stone S;  were  used  to  make  relnforce’d  donorete.  It 
would  have  a  pres sure- re si sting  strength  of  50-300 -kilograms 
per  square  millimeter o  It  can  be  used  to  make  load  suppbrt- 
‘Ing  Structures  in  houses.  At  the  same  time,  dt  has  excel¬ 
lent  sound-proof  and  heat-proof  properties.  It  has  a  high 
heat  re  slstenoe  (700°C)  and  also  is  do  id- proof  ,  '  it  can  be 
sawed  off  into  any /thickness  to  be  used  as  heat  preserving 
.materials,:  ■  ' 

.(F)  Asbestos  cement  produotsJ  The  merits  of  as¬ 
bestos  cement  are;  light- \irelght,  high  strength,  water-proof, 
incombustli:ie,  'v'eathsr- proof  and  durable.  At  the  saT^e  .tlme, 
it- can  be  made  into. any  shape  and  takes  paint  readily. 
Therefore,,  it  has  a  very  promising  future  as  a  construction 
material. -  w  It can  be  used  in  industrial  or  residential  build¬ 
ings  as  roof i >  floor  slabs  and- sanitary  structural  members. 

In  using  several,  layers  of  asbestos  cement  to  form  rdof  or 
■  floor  slabs,  the  dead  weight  of  structure  can  be  reduced 
by  50-60^  and  the  , construction  cost  per  square  meter  struc¬ 
ture  can  be  reduced  by  20-25^ » 

■  In  using  -a  room- size'  asbestos  cement’,  irall'  plate, 
the  dead  weight  per  square  meter  can  be  reduced  to ,l/l5  of 
the  dead  weight  of  a  brick  wall  and  the  construction  cost 
reduced  by  30%v  For, Instance,  in  a  64-milllmeter  thick  ■  ' • 

solid  load  support ir^  brick  vrall,  the  dead  weight  per  square 
meter  is  1,250  kilograms,  while  a  hanging  wall  made  of  a 
large-size  asbestos  cement  plate  (two  pieces  Of  thin  as¬ 
bestos  cement  plates,  erected  on  an  asbestos  Cement  frame- 
vrork)  and  insert  asbestos  fibers  as  a  heat-preserving  layer, 
the  dead,  weight  per  .square  meter  is  only  76.  kllpgramsw 

,  A  two-story  four  apartment  building,  constructed 
with  asbestos  cement  fabricated  parts,  has  a  total  dead 
weight  of.  112  tons?  that  Is,  each  cubic  meter  Of  building 
has  a  dead  weight  of  156  kilograms,  while  the  dead  weight 
per  square,  meter  is  740  kilograms,  and  compared  to  the '  dead 
Weight  of  a  brick  building,  the  weight  la  reduced  by  more 
than  two- thirds,  :  Mot  only  this,  the  asbestos  cement  productB 
need  very  small .amounts  Of  cement.  For  example,  a  square 
meter  of , steel  reinforced  concrete  needs  60-80  kilograms 
(even  up  to  100  klograms)  of  cement,  but  a  similar  size 
asbestos  cement  product  needs  only  40-50  kilograms  of  cement. 
At  the  same  time,  owing  to  the  high  strength  of  asbestos 
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;  oement  and  Its  excellent  ability  to  resist  tensile.  Stress,, 
its  products  need  almost  no  metal  at  alii  The . amount  of 
metal  needed  for  the  manufacture  b^f  one  square  .meter  of 
.asbestos  cement  wall  plate  is  nbt  .'mdre .  than.:one  kilogram. 

(G)  Light-weight  inflated  large  bricks:  .  These  .. 
bricks  are  made  of  rubberized  clay, i which: becomes  Inflated  , 
after  it  is  baked. under. a  high  temperature.  The  bricks'  me- 

i,  its  are:  light  dead  weight  (each  cubic  ..meter  has  a  dead  weight 
..  of  462  kilograms),  relatively  high  strec^th  (the  pressure-- 
resisting,  strength.-of  each  square  .millimeter  is,' 37.58  kilo- 
gnams  and  the  breakage- re si sting  strength  Of  each  square 
millimeter  Is  TeSS  kilograms)  and  excellent  soxind-proof  , 
and  heat-proof  properties.  The  bricks  are  good  heat  pre¬ 
serving  materials  within  1,000°C  temperature.  They  also 
can  be  used  to  make -load  supporting  .  structures  in  low  level 
buildings. 

(H)  Porous  silicated  pieces:  These  are  different 
from  the  ordinary  heavy  reinforced  concrete  pieces.  Their 

;  raw  materials  are  very  cheap  (ordinary  sand  and  coal  slag):, 
.'Which,  together  with  local  adhesive  materials  (lime),  form 
into  sllicated  structures, ,  Their  characteristics  are:  (a) 
there  are  no  rough  aggregate  materials  in  their  compounds  , 
(broken  stones,  and  pebbles)  but  they  are.  of  granular  struo- 
,tut*ej  (b)  their  adhesive  materials  have  a  special  property 
which  is  formed  during  the  steaming  and  compressing  treat¬ 
ment  by  the  mutual  reaction  of  calcium  hydroxide  and  the 
silicon  dioxide  on  the  surface,  of  the  quartz  sand.. 

Porous  sllicated  pieces  have  a  light  weight  (each, 
cubic  meter  is  within  700  kilograms)  and  car  support  quite 
:  :a  heavy  load  (their  strength  reaches  50.-100  kilograms  per 
square  millimeter)  and  they  also  have  a  heat-proof  property. 
Therefore,  they  pan  be .used  to  make  into  large-size  pre-  ■ 
fabricated  pieces,  wall  plates  and  floor  slabs,  which  great¬ 
ly  reduce  .the  dead  weight  of  structure,  raise  heat-proof 
property,  economize  cement  and  lower,  construction  cost, 
r  ,  :  .  .  !  .(I^^^  and  perlite  powder:  Perlite  is  the 

best  light-weight  construction  material  and  sound-proof  and 
heat-proof  materials.  It  can  be  made  into  fine  construction 
material  that  hs-.s  s-  volume  .X'relght  of  '50-300  kilograms  per  , 
cubic  meter  (the  granule  diameter  ranges  from  0.15-5  milli¬ 
meters)*  (generally,  in  a  rotating  kiln,  it  is  possible  to 
:  produce  the  voliuae  v/eight  of  3.00-500  kilograms  per  cubic  :  ' 
meter  and  the  granule  diameter  3-20  talllimeters.  Using  it 
together  with  cement .adhesive  materials,  light-weight  re¬ 
inforced  concrete  with  the  grade  npmbe^  ranging  from  25- 
100  can  be  produced  and  its  volvime  weight  is  600-900  kilo¬ 
grams  per  cubic,  meter.  This  type  of  reinforced  concrete  is 
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suitable  foi*  Id  ad  supporting  in  4-5  story  buildings  and  al¬ 
so  for  non- load  supporting  wallsi;  -  ^  . 

'  Perlite  potf dob  r.eforS  to  thO  brolsoa.  porlite  stones 
whose' diameter  is  under  sever ai  deOimilliiiieters,  They  are 
■  given  a  sudden  heat  '■  tbeatm^ii't'  ™er  a  1*  000°.0  temperature . 
Through' the-  expansion  of  the  air  bubbles,  these  broken  stones 
become  inflated  and  hollowed  in  the  center^  as  nat-ural  glass 
semi- transpareht/ and  semi-grey  granular  materials.;  They: 
are  very  light '  and  their  vOlvime  proportional  weight  is  0.04- 
'  Oo2^  They  are  fire-proof,  water-proof,  sound-proof  and  heat- 
■  proof «  Besides  being' used  as  aggregate  materials  for  re¬ 
inforced  ponorete  and  mortar,  they  are  good  sound-p^’oof 
and  ■heat-'proof  materials,  C-i 

(J). Mineral  slag  fibers  and  aSbestosfiberB:; 
Mineral'  slag  fibers  are  new  heat  preserving  and  sound  ab¬ 
sorbing  mat  ■"riaisV^^ applying  the  steam  or 
air  blowing  from  4-8  large  air  compressors  to  the  hot  smelt 
mineral  slags have  many  merits;  small  volume 
.  weight  '(150-250  kilograms  per  cubic  meter) ,  low  heat ,  con- ^ 
duction  (0o04-0o0f  kilo-calorie  per  meter,  hour,  degree) , 
excellent -fhund-pr oof  property,  non- combustible,  cannot  be 
easily  shaken,  and  are  not  affected  by  weather. 

The  more  important  fact  is  that  they  have  a  plenti¬ 
ful  supply  of  raw  materials,  If  a  workshop  is  established 
near  a  plast  furnace ,  these  fibers  can  be  made  without  fuels. 
Mineral  slag  fibers  need  very  low  production  cost  and  can 
economize  a 'great  amount  of  fuels.  In  construction,  a  lay¬ 
er  of  mineral  slag  fibers  with  a  thickness  of  2o5“3  milli¬ 
meters  has  a  heat-preserving  property  which  is  equivalent 
to  that  of  a  brick  wall  that  has  a  thickness  of  more  than 
-  : '50  millimeters.  • 

fibers,  as  mineral  slag  fibers,  are  new  in¬ 
sulating,  heatipre  serving  and  sound-proof  materials,  As- 
■:  bestoB  stones  are  melted  by  a  high  temperature  into  a  11- 
'  '  quid,  W^  by  hot  steam  and  bio xna  into  a  mist, 

which  in  turn  is  drawn  into  long  fine  fibers.  .  Asbestos 
:  fibers:  have,  the  Same  properties  as  those  of  the  mineral 
‘Slag  fibers.  In  those  areas  where  there  is  no  mineral  slag, 
asbestos  fibers ’Should -be  adopted.  . 

Alumihum  and  aluminum  alloy:  .In  the  present 
cohs true t ion  industry,  alminum  and  aluminum  alloy,  are  be¬ 
coming  more  widely;  used.  Their  merits  are;  small  voliime 
weight  (2. 7-2; 8  tons  per  cubic  meter,  about  1/3  of  the  weight 
■'  •bf  Steel)',  but  they  have  the  strength  of  No.  3  steel  .and 
■under  Certain  Conditions,  their  strength  is  greater  than 
that  of  steel*  They  are  more  durable ; than, .steel  under  any 
weather  conditions. •  In  the  open  air,  after  oxidization  takes 
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•  place  on  aluminum,  a  thin  coat  is  forEied  and  ;it,  protects  - 
the  aluminum  from  being  fiirther  eaten  by  ^eather,  ,  ■ 

Through  heat  treatment  aftd  pressing,  aluminum  cah 
be  rolled  into  various  types  and  shapes  of  structures »  , 

If  aluminum  structure  is  used  to  substitute  for  steel  sti'uc- 

?  ture,  the  dead  weight  Is  reduoed'.by  2/3.  or  even  more.'  The 
greatest  aluminum  structure  in  the  world  ,1s  the  •Hart field 
.airplane  hanger ' {’Span  66  meters,  length  iop  meters^  and. 

•  height  14  meters),  -  its  sbrubtural  dSad  weight  .is- pniy  one- ; 

:  SSventh  of  that  Of  steel  structure .  ;  However,  It .  has  wealc- 
nesses  too;  For  instance,  its  elastic  mould  weight  is  small, 
only  700*000-800,000  kilograms  per  square  millimeter ‘(steel 
is  2;ixl0®  kilogram  per  square  millimeter).  Consequently, 
alumlniim  structure  has  a  greater  possibility  to  lose  its 
shape  than  a.  steel  structure  (about  three  times  greater)-. 

At  the  same  time,  the  coefficient  of  expansion  ofltstemp- 
eratiire  is  twice  as  great  as  that  of  steel.  As  a  rasult*  . 
this  type  of  structure  has  a  more  readily  temperature,  qhange. 
But,  til®  above  weaknesses  can  be  overcome,  only  if;  th®  ring- 
shape  or  boxlshape  cross-section  is  adopted  so  that  the  , 
'Strength  of  the  structure  can  be  increased.  Such  a  struc-r 
ture,  remains  a  very  good  structure. 

;;  Aluminum  and  aluminum  alloy  structures  can  be  join¬ 
ed  together  by  rivets  (it  must  be  done  by  cold  rivets,  be- 
Cause  hot  rivets  may  cause  annealing  of  the  structure,  and 
lower  the  mechanical  property  of  the  alloy),  welding,  :and 
'high  strength  bolts  or  they  may  be  joined  together  by  glue 
or  glue  with  high  strength  bolts,  ..The  adoption  of  .such  ; 
structural  materials  will  greatly  re.duoe  the  dead  weight 
of  structures.  ' 

(L)  Plastics:  The  term  plastics  is  a  general  name, 

•  whi  Jh  3,r.volud?.2  many  compound  materlale,.  These  .materials  con¬ 
tain  many  different  ohemlcal  elements  and  physical  proper- 
tiefi;  They  have  relatively  great  mechanical  .strength  (close 

.  to  the  strength  of  steel  alloy)  and  elasticity  ®hd  th®y  . have 
small  heat  and  sound  conduction  and  low  Bpecifio  gravity  , 

(as  the  T.olume  weight  for  foam  plastics  and  porous  plastics 
'  is  30  kiioBrama  per  cubic  meter),  Plastics  do  not  rust  and 
they  are  not  affected  by  weather,  so,  when  plastics  are 
Vueed  as  structural  ribs,  their. strength  Is  twice  as  high 
as  Steel;  ” Oh  account  of  this,  plasties  can  substitute  for 
ste^i  structures.  Plastics ‘.can  be  used  in  industrial  and 
'Civil  oonstructlpn  as  load  supporting  or  non- load  support- 
liig  structural  members  and  parts.  For  example'^  If  plastics 
are  Used. for  the  construction  of  walls,  they  ar©  more  solid 
thah,.  brick  walls  arid  their  dead  weight  is  thari  that 

•of  -the  latter  by  many  times  (a  plastlp  vmll  mad®  of  two  porous 
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or  .foam  plastic  plates  is  lighter  than  ali  i  other,  types*  of 
walls,  by  -two-thirds ,  to three-f ourths; ;of  their  ■y^elght^^^  They 
have  very  small  heat  donductibn,  ;!r.hejr  ■tahs  paint  readily. 
They  can.  be  made  :  in  any  diie.,  dj|loj?..,^  ithitation  of.  any 

natural  material;.  ( shch  -sll! .  .  ■  ■  i  oi- r-.r. ' oI..v:.. 

iPlastidd.  dan  .be  Used. iiake  sanitary  equipment, 
the.  entire  strU.otUrev  indluding  the,  .partition  wall, .vfloor 
tiles,  ceiling,  hath  tub,,  basin,  toilet  bowl* ■  plpingsi:  yen- 
tilatlon  equipment,  and  all  the  other  accessories  of ; sani¬ 
tary  equipment  in  the  house,  and  has  a,  total,  dead'  weight .. 
(including  the  complete  equipment)  that  does  not. exceed  350 
kilogramse,.  ... 

.  If  ”foam,'  amlno-plastlds”;,  nebular.  and  pprouS:plas- 
tics  are  used  .to  serve  as  heat-proof  .platerlals,  in  the 
work  of  a  house  the.  dead  weight  of,  the  structure  can  be  re¬ 
duced  to  10C}.-15Q  kilograms  per  cubic,  meter,,’  .Ilubher  epmp.o^ 
together  .wiuh  0;lass  fibers  or  giass,  cloth  .can  .be. 
to  form  into  good  heat-proof  and  spund-propf,  .materials  or 
to  be  made  into  load  carrying  way.e-llke.,  ro.of  piates;j,  pres¬ 
sure  water  pipes,  telephone  pple.s  and  other  .load  supporting 
bending  struotural  members, . :  Sach  square  “.meter  of  plastic 
rpof  plates  has  a  dead  weight  of.  2-2, 5  kilograms., ■;  permits 
3^^  of  the  sun  rays  an<i  ultra  violet  rays  to;  go  through  the 
plates  and  can  supporting  <an  ..effective  .load  -of  l-OO;  kilo-; 
grams  per  square  meter »  The  chemical  properties  of  the 
plastics  enable  their  products  tO  become  soild  and  durabie 
and  at  the  same  time  to-. have  an  ;.insula.ting  property,*  Plas¬ 
tics  can  be  made  into  any  shape  .through  heat  .treatment  and 
they  . can  be  easily  joined  together,  or  slued  together,  ; 

Glass  fibers  can  be  compressed  into  compoiand:  materi¬ 
als,,  which  are  called;elastlc  plastics,;  They  are  not  af¬ 
fected  by  steam  crystailized  products  and  have ,  a  strong 
fire-proof  property,.,  These  plastic  'materials,  can 
into  doors  and  windows,  .  They  are ;  better  than  wood  peoause 
they  do  not  shrink,  nor  ejcp.a,nd,  nor  warp,,  ..Use,.,  compounded- 
ethyl  fether  and  tree  rubber  into,  plastic;  siaas  to  serve  as 
transparent  roof /  plate s  snd  sun-porch;  protectingv structure  s. 
This  glass  has  a  high  strength,  is  lnoomb.ustible:.nnd'  is  .  ’ 
not  affected  by  weather.  Plastics  have  many  .merits,  . , They 
will  be  widely  employ.ed  in  the  construction:  industry  and;;, 
have  a  very  broad  development  .In  the  fut^re.^:/  c 

5  »■  Several  Problems  Conoerhing  the  Reduot  ioh  of  -  -  ’  -  •  ■  ' 

Dead  ¥e  Ight  of  Structure  ’  ■  ■  ^  ■' '  '  ''  ' 

(1)  As  said  in  the  above'V 'in  construottoh  dbsi^i^ 
to  put  great  efforts  in  the  reduction  of  dead  weight  of  < 
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struclttp^e  Is  4  v^ry  itniJdrtant  problem  that  14  confronting 

we  hav6  t'6  overcome*  -  But  In  overall  de-'.. 
sighing,  attention  must  be  given  to  the  coordination  of  re¬ 
ducing  the  dehd  weight  of  'Struotuhe  and  the  economy  of  val¬ 
uable  construction  materialsi'  of  reduoing  the  dead  weight 
of  structure  ahd "the  utilization' of  local  construction  ma¬ 
terials*  of  reducing  the  dead  weight  of .structure  and- the 

•  ‘construction  technical  level  at  the  time  ,  and- at  the  place.; 
or; perhaps,  it  may  be  said,  attention  must  be. given  to i  the 
dOOrdinatioh  of  future  oiitlooh  and  the  preCent  outlook,  ; 

r;..;.  f  If  looking  only  from  the  vle\ir  point  of  reduoing  ;  i 
the  dead  weight  of  the  structure,  it  is  better  to  . use  steCl 
structure  than  to  use  steel  reinforced  concrete  structure 
'  because  the  strength  of  material  of  the  former  . Is  greater,' 
'.thah' that  of  the  latter.  HOx^eVer,  at  present*  China  must 
\ise‘  steel  reinforced-  concrete  structures  to  substitute  for 

•  ^  economize  valuable  steel  materials. 

Again,  looking  from  the  vie v;  point  of  reducing  the 
dead  weight  of  structures,  bricks  and  stones  are  not  very 
v'ideal  construe t'ion  materials.  However,  in  many  areas,  now 
there  is  still  a;  lack  Of  a  better  construction  material,  . 
while’’*  bricks  and  stone S'  can  be  obtained  from  the  local  areas 
‘■and  their  supply  Is^ very  immense.  Under  such  circumstances, 
we' must  use  bricks  and  stones  to  fulfill  our  construction 
task,  ,,  Of  oOiU:*se*  we  must  give  more  consideration  to  the 
birUbturaT  shape  of  the  brick  ahd  stone  structures  so  as  to 

•  adopt  the  liiO at  reasonable  new  structural  slSapes  for  the  re- 
'ductibn  of  the  dead  weight  of  structure.  Looking  from  the 
view  point ' of  reduOing  the  dead  weight  of  structure ,  space 

■■'BtruOtUre  is  definitely  lighter  than  horizontal  structure. 

At -the ‘same  time,  v/e  must  also  remember  that  the  oonstruction 
of  Space  structure  is  more  difficult  than  that  of  a  horizon¬ 
tal  'atruo  tube  *  In  using  space  structures,  consideration 
must  be  'given  to  the  overall  local  conditions,  construo- 
tioh  factors  and  technical  level, 

'  :  :  In' short,  in  all  the  ways  that  the- reduction  of  the 

•' deaS  Weight'  Of  structure  may  be  •  accomplished  as  we  have 
enumerated  in  the  above  discussion,  some  of  them  are  nothing 
■buf  distant  ■pictures  as  far  as  some  areas  and  units  are  • 
concerned  and  they  are  nOt  realities.  For  example, .  the  • 
application  of  aluminum' alloy  and  plastics  can  definitely 
reduce  the  dead  weight  of  structure,  but  at  present,  these 
materials  stre  far  , from  sufflplent,  so  they  cannot  be  univer¬ 
sally  employed 'in  oonstructibn,  ’  Accordingly,  while  we  are 
considering  the  reduction  of  the  dead  weight  of  structure, 
must  give  attention  to;  the- othsi*  factors  and  to  make  an 
ali-out  consideration, ;^so  that  we  may  fulfill  our,  goal  in  a 
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”more,  faster;  better*  and  ahea^eiV manner?,* 

Here,  we  must  espeeiaii5r|)oint  out  that  we  too  are 
Opposing  those  who  streas  the  importanOe  Of  the  factors  Of 
difficulties  and  material  limitations  and  do  not  actively 
create  conditions  for  the  application  of  the  manjf^  liew  strub** 

'  tuhes  and  nevr  materials  to  reduce  the  dead  weight  of  struc- 
'ture*' 

(2)  The  reduction  of  the  dead  weight  of  structxire 
must  start  with  big  factors*  We  must  improve  structure  space 
and  plain  arrangement  and  adopt  high  efficiency  structure 
and  new  materials.  If e  must  not  rely  on  small  factors  which 
may  affect  the  safety  of  the  structure*  Here  is  an  example 
to  Illustrate  the  point:  a  certain  designing  institute  a- 
dopted  an  un- prestressed  polygon- shape  house  framing  (18 

and  24  meters).  The  framing  dead  weight  was  light  and  used 
a  small  amount  of  steel.  Its  construction  cost  was  low* 

All  pre stressed  house  framings  cannot  compare  with  it.  The 
designer  had  aclually  shoi'm  great  talent  in  these  respects* 
But,  this  framing  has  its  own  weaknesses,  that  is,  it  re¬ 
lied  too  much  on  certain  factors.  For  instance,  the  cross- 
section  of  the  framing  members  was  too  small,  while  the 
Joint  between  the  sky-light  framing  and  the  horizontal 
bracings  \vith  the  house  framing  was  too  simple,  rendering 
the  rigidity  of  the  Joint  between  the  structure  itself  and 
the  structural  members  too  weak.  After  construction  began, 
the  framing  had  to  be  strengthened.  As  a  result,  more  steel 
materials  were  used.  Therefore,  in  adopting  Such  a  method 
to  reduce  the  dead  weight  of  structure,  it  actually  affect¬ 
ed  the  safety  of  the  structure.  This  method  is  not  suitable, 

(3)  While  we  try  to  reduce  the  dead  weight  of  struc¬ 
ture,  we  must  give  attention  to  the  entire  and  partial  sta¬ 
bility  of  the  structure.  Because  we  are  employing  more  and 
more  high  strength  materials,  structural  members  become 
more  and  more  delicate,  thinner  and  thinner.  From  nov;  on, 
the  posBibility  of  structures  breaking  down  due  to  insuf¬ 
ficient  strength  of  the  structural  members,  becomes  relative¬ 
ly  fewer,  while  the  possibility  of  destroying  the  structure 
on  account  of  the  loss  of  the  entire  and  partial  stability 

of  the  structure,  becomes  greater,  Oonsequently,  the  pro¬ 
blem  of  structural  stability  will  become  an  Important  item 
in  the  agenda  for  the  conference.  At  present,  our  knowledge 
and  experience  in  this  field  are  far  from  sufficient  and 
we  must  make  plans  far  in  advance , 
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